Purpose: Lack of epilepsy primary and secondary care and an arbitrary referral system causes many epilepsy patients to seek tertiary care even when they may not need it. This causes overcrowding, increased waiting times and also compromises the quality of tertiary care. We conducted this study to identify what proportion of epilepsy patients presenting to tertiary care actually needed it. Methods: To test appropriateness of candidacy for tertiary care, we formulated Modified NICE criteria (MNC) based on NICE criteria. Modified NICE criteria were used to dichotomize participants into two groups: a) those who needed tertiary care and b) those who did not need tertiary care. We also looked at agreement between MNC and original NICE criteria. Results: Four hundred and twenty two patients were recruited. According to the MNC, 240 patients (57%) qualified for tertiary care while 182 (43%) did not. The agreement between MNC and original NICE criteria was 86.7%, kappa 0.73(95% CI 0.66-0.79, p < 0.001). The most frequently cited reason for seeking tertiary care was 'Unsatisfactory response to treatment', although; many of these patients were actually non-adherent to treatment. Amongst variables that predicted non-eligibility for tertiary care, the most important was not having been referred. Conclusion: Many epilepsy patients seeking tertiary care do not need it. Access and quality of epilepsy care can be improved if there is a rational and need-based distribution of patients between primary, secondary and tertiary care. Referral systems also need to be developed and used to transition patients from one level of care to another.
Introduction
Epilepsy is an ancient disease and its treatment relatively effective and widely available. Of the seventy million epilepsy patients worldwide, 90% live in low and middle-income countries [1] . Approximately 10 million persons with active epilepsy live in India [2] . A treatment gap of up to 90% or more is reported from many parts of rural India [2] . There are multiple reasons for such a high epilepsy treatment gap: lack of an effective epilepsy primary and secondary care however, is often overlooked as being one of them. A system of care where many epilepsy patients have to present to a tertiary care center not because they need tertiary care but because there is no credible primary or secondary care available to them, is unlikely to be effective. Many patients remain untreated while others are unnecessarily burdened in terms of the time that they spend travelling to distant, tertiary care providing hospitals and also the increased direct and indirect cost of such care [3, 4] . From the tertiary care providers' perspective, this avoidable increase in patient load leads to overcrowding, reduced efficiency and an inordinate delay for those patients who may genuinely need tertiary care. Many epilepsy patients treated at tertiary centers have complex problems necessitating specialized care. However, there are also many others who are relatively straightforward in their presentation and do not seem to need the expertise or facilities available in tertiary care.
While untreated epilepsy finds a mention occasionally [5] , we are still a long way from making any significant gains in eliminating or even significantly reducing it. In populous countries like India where rural and semi-rural communities constitute up to 70% or more of the population [6] , and tertiary care providers are only available in a handful of big metropolitan cities, epilepsy primary and secondary care need to be developed and made widely available. One way of assessing the strength of epilepsy primary and secondary care and the rigour of the referral system would be to look at epilepsy patients who are seeking tertiary care and making a determination if they justifiably need it.
To the best of our knowledge, there has not been any such study where the appropriateness of triaging of epilepsy patients to tertiary level care has been audited. We therefore conducted this study with an aim of evaluating epilepsy patients presenting to a tertiary care center to estimate what proportion of them actually needed tertiary care. The study was designed in compliance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement ( [7] .
Methods

Standard protocol approvals, registrations and patient consents
This single center, cross-sectional study was conducted at the All India Institute of Medical Sciences (AIIMS), which is a tertiary care teaching hospital that provides comprehensive epilepsy care including epilepsy surgery in New Delhi, India. Consecutive epilepsy patients presenting to the Neurology outpatient clinic for the first time were enrolled. All patients or their legal representatives (for minor and disabled patients) gave a written informed consent and the institutional ethics review board approved the study.
Sample size
With no published literature evaluating appropriateness of patients availing epilepsy tertiary care, we were guided by estimates drawn from our own clinical experience. In our opinion, of the new epilepsy cases presenting to our Neurology outpatient department, 50-60% seem appropriate candidates for tertiary level of epilepsy care. The remaining 40-50% could very well have been managed in primary or secondary care. To estimate such a proportion in a two-sided 95% confidence interval with an absolute error margin of 5% we needed to recruit 385 consecutive new epilepsy patients.
Definitions and criteria
In this study we followed the practical clinical definition of epilepsy accepted by ILAE in 2014 [8] . Epilepsy was diagnosed if a patient had at least two unprovoked seizures occurring more than 24 h apart or even one unprovoked seizure with a high probability of further seizures. Acute symptomatic seizures were diagnosed as per Beghi et al. [9] . Non-epileptic seizures were diagnosed if the patient's description of seizure semiology made non-epileptic seizures likely.
For assessment of psychiatric co-morbidity, M.I.N.I., English version 5.0.0 was used for patients who were 18 years or older. For patients who were 4-13 years old, the Parent-completed version (PSC) was used and for patients older than 13 but younger than 18 years of age, the youth self-report Pediatric Symptom Check list (Y-PSC) was used. Common Terminology Criteria for Adverse Events (CTCAE), Version 4.0 grading was used to record the severity of adverse drug events. Based upon the permanent residence of the patient and the distance of living from our hospital in New Delhi, patients were categorized as those belonging to Delhi NCR (National capital region) or from outside of Delhi NCR. To determine per capita income, the income of the patient and his/her household was considered and this was categorized in to five categories according to revised Kuppuswamy and B G Prasad socioeconomic scales [10] . For treatment adherence, we relied on the patient's statement. Adherence was defined as good for patients reporting taking medication regularly (an occasional miss was accepted), fair for taking medication at least 80% of the time and non-adherent if neither of the above categories were fulfilled [11] . Seizures were defined as frequent if ≥1 seizure occurred per month and infrequent if there was < 1 seizure per month. If a patient cited 'Unsatisfactory response to treatment' as a reason for seeking tertiary care, then appropriateness of his seeking tertiary care was decided based on seizure frequency, treatment duration and drug adherence: [a] In patients with frequent seizures: If seizures were uncontrolled even after 3 months of starting antiepileptic drugs (AEDs) with good to fair treatment adherence and [b] In patients with infrequent seizure: If seizures were uncontrolled even after 2 years of starting AEDs with good to fair treatment adherence [12] [13] [14] ; then the patient was considered to have had an unsatisfactory response to treatment.
Modified NICE criteria: formulation and validation
As there are no validated guidelines that define the need for epilepsy tertiary care in India, we used a modification of the NICE criteria laid down for this purpose [15] . Investigators developed modified NICE criteria based on their own clinical experience and feasibility in the Indian context (Table 1) . Some referral items of the NICE criteria were excluded and few new ones added. Two NICE criteria pertaining to number of AEDs used in the past and duration of prior treatment were combined into one criterion that was used to test patients reporting 'Unsatisfactory response to treatment'. As the setting of this study was an adult neurology service, the NICE criteria recommending referral of children less than 2 years of age was not relevant and was excluded. Most patients presenting toour tertiary care hospital have not been adequately imaged for structural causes. Therefore, the NICE criterion recommending referral of patients with aunilateral structural lesion had to be excluded. Many of these patients we assumed would get included through other criteria such as 'Unsatisfactory response to treatment' or unacceptable AED adverse effects. Criteria not in NICE that we acceptedwere including patients who had entitlement for treatment at AIIMS (for example hospital employees), patients who were for some reason living on the hospital campus and epilepsy patients who were referred from some other department within AIIMS. Patients belonging to these three categories were not disqualified from seeking tertiary care even if they might not have actually needed it. The modified NICE criteria were validated in the first 100 patients who were enrolled to the study by ascertaining agreement between candidacy for tertiary care using Modified NICE and the original NICE criteria. There was an 84% agreement with a kappa of 0.67 (95% CI 0.53 to 0.82, p-value < 0.001). Based on Modified NICE criteria, we dichotomized all study participants into two groups: those who needed tertiary care and those who did not need tertiary care. For patients reporting more than one reason for seeking tertiary care, all reasons were noted and if even one reason was justified by the Modified NICE criteria, the patient was considered eligible for tertiary care.
Data collection
Clinical data was gathered using a pre-structured proforma. This included demographic details, seizure type, frequency and duration, psychiatric co-morbidities, prominent findings on neurological examination, investigation reports that patients had brought, details of previously used medication, self-reported drug adherence, drug-related adverse events, monthly expenditure on medication, referral pattern and reason for seeking tertiary care.
Outcomes
We were interested in two primary outcomes [1] : The proportion of epilepsy patients seeking tertiary care who needed this level of care based on modified NICE criteria and [2] Agreement between candidacy for tertiary care based on the NICE and modified NICE criteria as assessed by kappa statistic. The various reasons cited by patients for seeking tertiary care were also noted.
Statistical analysis
Data was entered into MS EXCEL® spreadsheets and analyzed using STATA, version 14.0. Descriptive statistics were used to summarize baseline characteristics. Quantitative data following normal distribution was presented as means (with standard deviation). Qualitative data was presented as numbers and percentages. Quantitative variables were compared using independent t-test; qualitative variables were analyzed using chi-square test. Treating the 'need for tertiary care' as a binary outcome i.e., patients either needed tertiary care or did not need tertiary care; p-value was calculated for variables associated with patients with either outcome. Logistic regression analysis was used to calculate the odds ratio (with 95% CI), considering the group of patients who needed tertiary care as a reference. A p-value of 0.05 was used to assess statistical significance. Only significant variables in univariate analysis were included in the multivariable model. Concordance between candidacy for tertiary care based on Modified NICE criteria and NICE criteria was determined using a kappa statistic.
Results
Four hundred twenty two patients (167 females) were recruited from January to July 2017 (Fig 1) . Details of baseline demographic and clinical characteristics are shown in Table 2 . Based on Modified NICE criteria, we categorized 240 patients (56.8%) as 'needing tertiary care' and 182 (43.2%) as 'not needing tertiary care' ( Table 3 ). The agreement between candidacy for tertiary care based on modified NICE criteria and original NICE criteria was 86.7%, kappa 0.73(95% CI 0.66-0.79, p < 0.001) ( Table 4 ). Three hundred and fourteen patients (74.4%) did not have a formal referral. Of the patients who did not need tertiary care according to Modified NICE criteria, 95% were non-referred (Table 2) .
Various reasons for which patients presented to tertiary care are shown in Table 3 . 'Unsatisfactory response to treatment' was cited as the most frequent reason for seeking tertiary care in both groups (Table 3) . Non-adherence to treatment was high (56.6%) in the group that did not need tertiary care as compared to the group that needed tertiary care 25% (Table2). In the multivariate logistic regression analysis, an independent positive association was found between those who had been referred, patients with frequent seizures, AED-related adverse events (of any grade) and need for tertiary care whereas a negative association was found between non-adherence to treatment and need for tertiary care (Table 5 ).
Discussion
We found that only 57% patients seeking tertiary level epilepsy care at our center needed it. These results validate our hypothesis that epilepsy tertiary care is not being used optimally and many patients seeking tertiary care do not actually qualify for it. The performance of modified NICE criteria in evaluating candidacy for epilepsy tertiary care was almost similar to original NICE criteria. A striking finding to emerge was that almost three-fourths of the patients presented to tertiary care without any proper referral. In the group that was deemed as 'not needing tertiary care', 95% patients came without a referral. On multivariate logistic regression analysis, an independent positive association was found between patients who came with a referral and the need for tertiary care. Most patients sought tertiary care citing 'unsatisfactory response to treatment' as a reason. However, frequently these patients had actually not been adherent to prescribed treatments. On multivariate logistic regression analysis, a negative association was found between non-adherence to treatment and need of tertiary care. Of patients who did not qualify for tertiary care almost 25% were only seeking some epilepsy-related information. Another 25% who were deemed unfit for tertiary care, were treatment naïve.
A crucial prerequisite to ensuring easy access and the best possible care to most epilepsy patients in a timely manner would be to ascertain that appropriate levels of expertise, i.e., primary, secondary or tertiary, be utilized as per individual patient need and circumstances. If patients have to rely on the relatively scarce and more resource-intensive tertiary level care irrespective of whether they need it or not, then this places an unnecessary burden on the system and reduces efficiency. While broad generalizations about epilepsy treatment gap are frequently reported, specific gaps in primary/secondary care versus tertiary care also need to be looked into and addressed.
In principle, both public and private care providers constitute the health-care system of India [16] however, private care providers are almost exclusively focused on provision of secondary and tertiary care to urban Indian populations. This leaves all health care needs of vast rural communities entirely with the public health-care providers. Based upon the population norms of a community, a three-tier public healthcare system exists [17] . While this system works quite satisfactorily in many southern states, there are large parts of the country where these public health-care facilities are extremely rudimentary or defunct. As a corollary to that, referral systems though mandatory to gain access to tertiary care providers often remain ad hoc and arbitrary in practice. In the face of this largely unregulated and unsupervised system, movement of patients often does not follow any hierarchy of care. Epilepsy patients in most small towns and villages often do not have prompt access to affordable and reliable care. They remain undiagnosed and untreated for long durations. As and when they find an opportunity, many travel to a big city hospital, which may often be a tertiary care provider.
Visualizing the epilepsy care delivery system in the form of a pyramid may be useful. At the broad lower end of the pyramid one can imagine primary care, which requires relatively lesser resources and should ideally be used by a majority of the epilepsy patients. Tertiary care can be imagined at the top of the pyramid and secondary care somewhere in between. We know that tertiary care would come at a significantly higher cost both in terms of skilled manpower and infrastructure as compared to primary or secondary care. Fortunately, tertiary care will be needed for fewer patients as compared to primary or secondary care. A rough estimate of the need for tertiary care can be had from outcomes of AED treatment in drug naïve patients. We know that almost half of these patients started on appropriate AEDs in correct doses will become seizure-free [18] . If such treatment-responsive patients could also be imparted some epilepsy and it's treatment-related information, then their concerns may be assuaged and most of them may not have to seek consultations at the tertiary care level. However, if credible primary and secondary care is not delivered and the epilepsy care pyramid gets inverted with more patients seeking tertiary care than primary or secondary, then patients may end up either not getting any care or needlessly rushing and crowding the limited resources of tertiary care.
What is expected from epilepsy primary and secondary care? In most patients, these care providers should be able to diagnose epilepsy and make a broad distinction between focal and generalized epilepsy and the epilepsy syndromes. Following this largely clinical exercise that will often be possible without any investigations [19] , treatment can be started in the majority of patients. In the Indian context, keeping the cost of treatment and availability of AEDs in mind, first prescriptions will often mean selecting carbamazepine for focal epilepsy and either sodium valproate or levetiracetam for generalized epilepsy. In addition to starting an AED, some time will have to be spent in educating each patient regarding epilepsy and its long-term treatment. Many epilepsy patients who are compelled to present to tertiary care will have no such need if the above management algorithm is widely followed. Along with improving epilepsy primary and secondary care, it is also required that there be a functional and mandatory referral system between the various tiers of care providers. This study illustrates the crucial role that a referral system plays in ensuring appropriate utilization of available care. Almost all patients (95%) who did not need tertiary care had come without any referral. Of course a referral system can only exist and function if a good primary and secondary care system are in place.
The WHO World health report 2003 has declared that a strengthened health system must be based on primary care [20] . A 2015 Government of India document [21] reports that the number of medical graduates passing out each year is approximately 50,000 as compared to the approximately 200 neurologists who are added to the workforce annually. If all medical graduates in the country are considered, they number 950000 compared to the approximately 2500 neurologist who are available [22] . What seems to ail the health care system in general and also the epilepsy care system in particular is that not only is India's budgetary allocation for health an extremely paltry 1.2% of GDP in 2017 [23], but also that there is not sufficient emphasis on improving the state of primary and secondary care. Successive governments flash popular headlines mostly by promising more tertiary-care based hospitals [24] . There is a need for a change in approach. Health planners and funders will serve the health system and patients better by making better quality primary and secondary care available. Unless this agenda is given the attention and resources that it deserves, epilepsy care is unlikely to improve anytime soon.
Conclusion
We are currently trying to treat 11-12 million epilepsy patients with the extremely limited tertiary care resources that we possess. Many epilepsy patients seeking care at the tertiary care level do not actually need it. Epilepsy care can be improved and made more accessible by ensuring that patients who can be taken care of at the primary and secondary care levels, are not compelled to seek tertiary care unnecessarily. If epilepsy primary and secondary cares are improved and referral systems formulated and implemented, both patients and care providers will benefit.
Author contributions
Study design: SK, MBS, GS, MVP, VG, AK Principal trial investigator: MBS Acquisition of data: SK, MBS, MVP, VG, VVY Statistical analysis: AK Interpretation of data: SK, MBS, AK, GS Drafting of the manuscript: SK and MBS Critical revision of the manuscript for intellectual content-All authors SK, MBS and AK had access to all the data in the study and take responsibility for the integrity of the data and accuracy of data analysis.
All authors approved the final version of the manuscript for publication. 
